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factors or combinations thereof are suitable. Also disclosed is a method for recovering an isolated, culture-expanded population of human 
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HUMAN MESENCHYMAL STEM CELLS FROM PERIPHERAL BLOOD 

Background of the Invention 

This application claims the priority of U.S. 
provisional application serial no. 60/051,651, filed July 
3, 1997. This work was supported by grants FONDECYT- Chile 
(No . 1950-238) and Fundacao Vitae-Brazil (No. 

B-11487/4B001) . These may have created certain rights in 
the invention. 

Mesenchymal stem cells (MSCs) are the formative 
pluripotential blast cells found inter alia in bone marrow, 
blood, dermis and periosteum that are capable of 
differentiating into more than one specific type of 
mesenchymal or connective tissues (i.e. the tissues of the 
body that support the specialized elements; e.g. adipose, 
osseous, stroma, cartilaginous, elastic and fibrous 
connective tissues) depending upon various influences from 
bioactive factors, such as cytokines. Human mesenchymal 
stem cells (hMSCs) are reactive with certain monoclonal 
antibodies, known as SH2 , SH3 and SH4 . (See U.S. Patent 
No. 5, 486, 359) . 

Hematopoietic stem cells (HSCs) are the formative 
pluripotential blast cells found inter alia in bone marrow 
and peripheral blood that are capable of differentiating 
into any of the specific types of hematopoietic or blood 
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cells, such as erythrocytes, lymphocytes, macrophages and 
megakaryocytes. After mobilization of HSCs from bone 
marrow by administration of certain factors such as G-CSF 
and GM-CSF and subsequent recovery from peripheral blood, 
HSCs have also come to be referred to as peripheral blood 
progenitor cells (PBPCs) . Human hematopoietic stem cells 
{hHSCs) and PBPCs are reactive with certain monoclonal 
antibodies which are now recognized as being specific for 
hematopoietic cells, for example, CD3 4. 

Thus, hMSCs and hHSCs are readily distinguishable by 
their immunospecif ic profiles and, for the sake of clarity 
herein, will be referred to, for example, herein as SH2 + - 
CD14" hMSCs orSH2"-CDl4 + hHSCs as needed. 

Human hematopoietic stem cell (hHSC) , or peripheral 
blood progenitor cell (PBPC) , transplantation has become an 
accepted method for dose- intensification in the treatment 
of several neoplastic diseases. 1,2 Various procedures have 
been used for hHSC mobilization and removal from the 
circulation by apheresis. At present, most methods exploit 
the rebound in circulating progenitors that occurs after 
cytotoxic chemotherapy. 3 Together, the short-term 

administration of either GM-CSF or G-CSF, enhances the 
yield of hHSC, as measured by the number of CD34 + cells 4 ' 5,6 
which, when used for autografting at a 2.5 x 10 6 CD34* hHSC 
/kg recipient, ensures fast hematopoietic recovery."' 5,6 

Several mechanisms seem to be involved in the growth 
factor-mediated release of marrow progenitor cells. 7 Among 
them, it appears that after exposure to G-CSF or GM-CSF, 
adhesion molecules are shed from the surface of marrow 
resident primitive multilineage cells, therefore allowing 
them to enter the circulation 5 . This concept, has been 
strengthened by several observations showing that growth 
factors (like G-CSF, GM-CSF, IL-3 and SCF) modulate the 
expression or function of several cytoadhesive molecules on 
the surface of hematopoietic progenitor cells. 8,9 In 
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addition, reports cite that cytokines produce profound 
morphological and immunohistochemical changes in marrow 
stroma and in the contiguous extracellular matrix. 10,11 

Summary of the Invention 

Accordingly, the invention provides a method for 
obtaining human mesenchymal stem cells wherein the human 
mesenchymal stem cells are recovered from peripheral blood 
obtained from an individual. More particularly, the 
invention provides a method for recovering peripheral blood 
containing a population of cells enhanced in human 
mesenchymal stem cells from an individual which method 
comprises (i) administering to said individual at least one 
growth factor and, thereafter, <ii) recovering hMSCs from 
the peripheral blood from said individual . Growth factors 
which can be used are those, for example, which are known 
to mobilize hematopoietic stem cells. The growth factors 
preferably include G-CSF, GM-CSF and combinations thereof. 



The invention further provides a method for recovering 
an isolated, culture -expanded population of human 
mesenchymal stem cells from the mesenchymal stem cell- 
enriched peripheral blood of an individual by (i) 
administering to said individual at least one growth 
factor; (ii) recovering mesenchymal stem cell -enriched 
peripheral blood from said individual; (iii) culturing the 
mesenchymal stem cell-enriched peripheral blood or a 
fraction thereof; and (iv) isolating a culture -expanded 
population of human mesenchymal stem cells from other cells 
in said mesenchymal stem cell-enriched peripheral blood. 
The steps of culturing and isolating can also be in the 
inverse order. That is, the mesenchymal stem cells can be 
isolated from the peripheral blood and then be culture- 
expanded. Approaches to such isolation include 
leucopheresis , density gradient fractionation, 
immunoselection and differential adhesion separation. The 
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culture media can be chemically defined serum free media or 
can be a "complete medium", such as DMEM or DMEM-lg 
containing serum. Suitable chemically defined serum free 
media are described in U.S. Serial No. 08/464,599, filed 
June 5, 1995, and "complete media" are described in U.S. 
Patent No. 5,486,3 59, issued January 23, 1996. 

The invention further provides a method for preserving 
ex vivo an isolated, cul ture - expanded population of human 
mesenchymal stem cells from the mesenchymal stem cell- 
enriched peripheral blood of an individual by (i) 
administering to said individual at least one growth 
factor; (ii) recovering mesenchymal stem cell-enriched 
peripheral blood from said individual; (iii) culturing the 
mesenchymal stem cell -enriched peripheral blood; (iv) 
isolating a cul ture -expanded population of human 
mesenchymal stem cells from other cells in said mesenchymal 
stem cell -enriched peripheral blood; and (v) preserving the 
isolated, cul ture -expanded population of human mesenchymal 
stem cells. Preferably, the preservation is by 

cryopreservation . 

The invention further provides a method for treating 
an individual in need of treatment with an isolated, 
cul ture -expanded population of human mesenchymal stem cells 
by (i) administering to said individual at least one growth 
factor; (ii) recovering mesenchymal stem cell -enriched 
peripheral blood from said individual; (iii) culturing the 
mesenchymal stem cell -enriched peripheral blood; (iv) 
isolating a cul ture -expanded population of human 
mesenchymal stem cells from other cells in said mesenchymal 
stem cell -enriched peripheral blood; and (v) administering 
said isolated, culture -expanded population of human 
mesenchymal stem cells to said individual. The cells can 
be administered by, for example, systemic infusion or local 
implantation into a site where de novo tissue generation is 
desired, such as by an open or arthroscopic procedure. The 
cells can be preserved prior to readministration . 
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Brief Description of the Drawings 

Figure 1. Phase contrast photomicrographs of cultured 
stromal cells from mobilized PBPC harvests. 

Figure 1A. After culturing (10 days) low-density 
PBPCs in medium supplemented with 20% FCS, an adherent 
layer containing fibroblast- like cells, colonies and small 
round cells was generated (a) . (x 10) . 

Figure IB. Colonies are formed by fibroblast- like 
cells, large -flat round cells and small round cells 
dispersed or located on top of large -flat round cells (x 
100) . 

Figure 1C. After 20 days in culture, an almost 
confluent adherent monolayer of fibroblast -like cells is 
visualized (xlO) . 

Figure 2. Immunostaining for fibronectin, collagen 
I, I CAM- 1 , VCAM-1 and mesenchymal antigen SH2 in cultures 
of stromal cells derived from mobilized PBPC harvests. 

The micrographs show in situ immunofluorescence 
staining for fibronectin (Figure 2A) , collagen I (Figure 
2B) , ICAM-l (Figure 2C) , VCAM-l (Figure 2D) and mesenchymal 
antigen SH2 (Figure 2E) Original magnification x40. 

Figure 3. Representative FACScan histograms for the 
expression of mesenchymal stem cell -surface antigens. 

Adherent cells from day 10-cultures of peripheral 
blood progenitor cells (PBPC) and bone marrow, were 
EDTA- released and analyzed for the expression of 
mesenchymal stem cell -associated surface antigens 
recognized by monoclonal antibodies SH-2 and SH-3. We show 
the scattergram of FSC vs. SSC for peripheral blood MSCs 
(Figure 3A) and bone marrow MSCs (Figure 3D) to allow 
gating of SH-2 + /CD14". The fluorescence profile on each of 
Figure 3B, 3C, 3E and 3F shows the negative control without 
staining (left peak of each) and the positive control for 
stained cells (right peak of each) . 
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Figure 4. Correlation between the number of CD34* and 

SH-2* cells in growth factor mobilized apheresis products. 

Data from the apheresis products from 14 breast cancer 
patients were analyzed. CD3 4* and SH-2* numbers were 
normalized to 10* mononuclear cells per ml of each harvest. 
The line represent the trend (correlation coefficient 
0.92) . 

Detailed Description of Preferred Embodiments 

The following are representative examples of cytokines 
which may be employed in the present invention: IL-l may 
be employed in an amount effective to enrich the hMSC 
population in peripheral blood, generally, such amount is 
at least 20 pg/ml and need not exceed 1 ng/ml, preferably 
1 ng/ml; IL-6 may be employed in an amount effective to 
enrich the hMSC population in peripheral blood, generally, 
such amount is at least 1 pg/ml and need not exceed 50 
ng/ml preferably 10 ng/ml; IL-3 may be employed in an 
amount effective to enrich the hMSC population in 
peripheral blood, generally, such amount is at least 500 
pg/ml and need not exceed 50 ng/ml, preferably 500 pg/ml; 
G-CSF may be employed in an amount effective to enrich the 
hMSC population in peripheral blood, and generally, such 
amount is at least 100 pg/ml and need not exceed 1 ng/ml, 
preferably 200 pg/ml. GM-CSF may be employed in an amount 
effective to enrich the hMSC population in peripheral 
blood, generally, such amount is at least 100 pg/ml and 
need not exceed 1 ng/ml, preferably 200 pg/ml; c-kit ligand 
may be employed in an amount effective to enrich the hMSC 
population in peripheral blood, generally, such amount is 
at least 1.0 ng/ml and need not exceed 500 ng/ml, 
preferably 100 ng/ml. Such cytokines may be employed alone 
or in combination with each other. Other cytokines, such 
as LIF and SCF, and combinations thereof may also be 
employed to mobilize hMSCs into peripheral blood. 

The hMSCs recovered from peripheral blood in 
accordance with the present invention may be used in a 
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variety of ways. For example, such hMSCs can be employed 
as part of cell replacement therapy. Specifically the 
expanded and cultivated hMSCs can be infused alone or added 
to bone marrow cells for bone marrow transplant procedures. 
Other applications, particularly orthopedic, are also 
contemplated. Such include, for example, the treatment of 
osteoarthritis, osteoporosis, traumatic or pathological 
conditions involving any of the connective tissues. It is 
also contemplated that exogenous genetic material can be 
introduced into the cells while ex vivo and that the cells 
be readministered as part of a gene therapy regimen. 
Genetic engineering of mesenchymal stem cells is discussed 
more fully in U.S. Patent No. 5,591,625, issued January 7, 
1997 . 

The cells may be expanded, such as by the procedure 
taught in Caplan et al . , U.S. Patent No. 5,486,359 (issued 
Jan. 23, 1996), before or after freezing thereof. After 
chemotherapy, the expanded cells are reinfused into a 
patient by procedures known in the art. 

The following examples are provided to further 
illustrate and describe the present invention; however, the 
scope of the present invention is not intended to be 
limited thereby. 

Example 1 

Isolation of hMSCs from Peripheral Human Blood 

In the present study, we detected the presence of 
hMSCs in growth factor-mobilized hHSC harvests from breast 
cancer patients. For this purpose, we used a procedure 
which included culturing of hMSCs and their quantification 
by flow cytometry using monoclonal antibodies raised 
against surface antigens expressed by marrow- derived hMSCs, 
i.e., SH2 and SH3 . A similar approach has already been 
followed to demonstrate that marrow cells include the 
primitive mesenchymal stem cell. 
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Patient population and hHSC harvest procedure 

Fourteen female patients with histologically 
established, stage Il-breast cancer with 10 or more 
involved axillary lymph nodes, were treated with (i) 
chemotherapy 6 , and, then, (ii) with recombinant human G-CSF 
(Neupogen®, F. Hoffmann-La Roche Ltd., Basel, Switzerland) 
or GM-CSF (LeucomaxR, Schering Plough- Sandoz Pharma Ltd., 
Basel, Switzerland) at 5 /ig/kg/d subcutaneously, one day 
after the end of chemotherapy. Thereafter a hHSC harvest 
was collected during marrow recovery as soon as a distinct 
population of CD34* (a 10/1) was detectable in the 
peripheral blood, using a Haemonetics (Braintree, MA) V50 
blood separator. An aliquot of hHSC harvest was counted 
and processed for morphological examination, CFU-GM assay 16 
and CD34 content by direct inutiunof luorescence (see below) . 
Another aliquot was set aside for culturing and phenotypic 
analysis of SH2 + hMSCs . The hHSC harvests were 

volume- reduced by centrif ugation, diluted in a mixture of 
autologous plasma and 10% DMSO, frozen in a rate -controlled 
freezer (Cryomed; Forma Scientific, Marietta, OH, USA) and 
cryopreserved in the vapor phase of liquid nitrogen until 
reinf used . 

Bone marrow collection 

Leftover material was obtained from heparinized bone 
marrow (BM) cells taken from normal individuals undergoing 
BM harvests for allogeneic transplantation. Cells in 
medium 19 9 containing 2 0 U/ml heparin were washed twice, 
resuspended in medium alone and used for culturing of 
marrow-derived hMSCs. 

All procedures were done under the guidelines of the 
ethical committee of Clinica Las Condes . Informed consent 
was obtained from every patient. 
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Culturing of peripheral blood hHSCs and marrow- derived 

buses. 

The hMSCs were cultured using previously reported 
methods. 12 '" Briefly, mononuclear cells from apheresis 
products and from BM harvests were density- separated by 
centrifugation on 1.077 g/cm 3 Ficoll-Hypaque (Sigma, St. 
Louis, MO, USA) . Low-density cells were suspended in or-MEM 
containing 20% fetal calf serum (FCS, Sigma, St. Louis, MO, 
USA) and cultured in 3 5 mm Petri dishes at a concentration 
of 10 s cells/dish at 37°C in a humidified atmosphere 
containing 5% CO z . After 10 days in culture, with a change 
of medium at day 4, cells in the adherent layer were used 
for phenotypic analysis either in situ or after detachment 
of cells with 0.02% EDTA in phosphate-buffered saline. 

Phenotypic analysis. 

Light -microscopic examination was performed on Wright - 
Giemsa stained cells either in the culture plate or in 
cytospin preparations of EDTA-detached cells. 
Histochemical staining was performed by standard protocols 
using diagnostic kits (Sigma) for Sudan Black, Periodic 
Acid-Schiff (PAS) , a-naphthyl butyrate esterase, acid 
phosphatase and alkaline phosphatase. 

For immunofluorescence studies, cells were processed 
with a f ixation/permeabilization reagent (Cytoperm®, 
Serotech Ltd., Oxford, England) and labeled with 
appropriate free or FITC- conjugated monoclonal antibodies 
(see below) and read under ultraviolet illumination at 50 
nm with a mercury gas lamp on a Nikon microscope. For flow 
cytometric analysis, EDTA- released cells or cells in the 
apheresis products were stained with either pure or FITC- 
or PE-conjugated monoclonal antibodies. Nonspecific 
isotype- matched antibodies were used to determine 
background fluorescence. Cells were analyzed on a FACScan 
flow cytometer (Becton Dickinson, BD) and data acquisition 
was performed with a FACScan Lysis II (BD) research 
software. Each measurement included at least 30,000 cells. 
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The following monoclonal antibodies were used: anti 
CD-45-FITC, anti-CD14-PE, anti-CD34-PE, were purchased from 
Becton Dickinson; anti collagen I, anti collagen III and 
anti fibronectin were from Sigma; anti collagen VI was from 
Gibco BRL (Grand Island, NY, USA) ; anti ICAM-1 (CD54) and 
anti VCAM-l (CD106) were from R&D Systems (Minneapolis, MN, 
USA) . Control mouse IgG^PE, IgGi-FITC, IgG 2a -PE and 
F(ab') 2 -PE were purchased from Becton Dickinson. 
Monoclonal antibodies SH-2 (IgGj and SH-3 (IgG 2b ) were 
kindly provided by Dr. A.I. Caplan (Case Western Reserve 
University, Cleveland, OH, USA) and by Osiris Therapeutics, 
Inc. (Baltimore, MD, USA). These antibodies recognize 
antigens on the cell surface of marrow-derived mesenchymal 
progenitor cells, but fail to react with marrow- derived 
hemopoietic cells as well as with the cell surface of 
osteoblasts or osteocytes 12, 14,15 . 

RESULTS 

Ex vivo generation of hMSCs from mobilized hHSC harvests. 

Low-density mononuclear cells from hHSC harvests were 
grown in culture in the presence of FCS but in the absence 
of glucocorticoids or growth factors that favor the 
replication/differentiation of stromal and hematopoietic 
precursors, respectively . 15, 17 After removing non-adherent 
cells by replacing the medium (day 4 of culture) , a small 
portion of attached nucleated cells were visualized in the 
culture plate, which by day 10 of culture developed into an 
adherent layer containing abundant dispersed 
fibroblast- like cells and several large colonies (Figure 
1A) . 

When examined by phase -contrast microscopy, the core 
of each colony was predominantly formed by several 
fibroblast- like cells and by few large- flat round cells. 
Small round cells were also seen, either dispersed within 
the colonies or on top of the large- flat round cells 
(Figure IB) . All cell types forming a colony were weakly 
positive for Sudan Black and negative for alkaline 
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phosphatase. By day 2 0 of culture, cells have proliferated 
and tend to form a near continuous layer comprising mainly 
fibroblast- like cells. At this time large- flat cells are 
dispersed and represent only a minor population (Figure 
1C) . 

As revealed by histochemical analysis (not shown) , 
stromal cells were positive for o-naphthyl butyrate 
esterase, Periodic Acid Schiff (PAS) and acid phosphatase ; 
weakly positive for Sudan Black and negative for membrane 
alkaline phosphatase. No significant histochemical 

differences were observed between f ibroblast-like and 
large -flat round cells. 

The immunological characterization of PBPC-derived 
stromal cells was performed by indirect immunofluorescence, 
by utilizing a panel of monoclonal antibodies currently 
used to detect bone marrow stromal cells. The results of 
these studies are summarized in Table 1. 
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TABLE 1 

Immunofluorescence studies on cultured stromal cells 
generated from mobilized PBPC harvests. 

cell type: 



marker 



fibroblast -like 



large- flat 
round 



f ibronectin 



+++ 



++ 



collagen I 



++ 



collagen III 



collagen VI 



++ 



ICAM-1 



+ + + 



VCAM-1 



+ + 



mesenchymal cells 
(SH2) 



+ + 



mesenchymal cells 
(SH3) 



++ + 



+ + 



CD14 



CD34 



After in situ staining with the appropriate antibody, cells 
were scored for positive (*) and negative {-) staining. 
*: high expression around nuclei 



Similarly, micrographs showing selected 
immunofluorescence stainings (i.e., f ibronectin, collagen 
I, ICAM-1 , VCAM-1 and mesenchymal antigen SH-2) are shown 
in Figure 2. In general, the staining pattern revealed 
production of extracellular matrix molecules and expression 
of adhesion ligands. Together, stromal cells which are 
CD14" and CD34" express mesenchymal antigens recognized by 
monoclonal antibodies SH2 and SH3 . Without exception, no 
immunophenotypic differences were observed between 
fibroblast -like and large- flat round cells. 
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Small round cells, observed within colonies, proved to 

be CD4 5 + and CD34" and were not further analyzed. 



Flow cytometry analysis of EDTA- released day- 10 
stromal cells indicated that more than 85% of cells express 
unique human mesenchymal stem cell-surface proteins, which 
were detected by monoclonal antibodies SH-2 and SH-3. 
(Figure. 3A) . Together, the flow cytometric analysis of 
EDTA- released stromal cells revealed no expression of 
progenitor or mature hematopoietic cell-associated antigens 
like, CD34, CD45 and CD14 . Figure 3B shows the pattern of 
staining of EDTA- released bone marrow stromal cells after 
labeling with antibodies SH2 and SH3 . 

Therefore, based on morphology and surf ace -membrane 
phenotype, ex vivo generated hMSCs from mobilized hHSC 
harvests are indistinguishable from bone marrow 
derived-human mesenchymal stem cells. 

Quantitation of hMSCs in hHSC harvests mobilized by growth 
factors . 

The content of hMSCs in growth factor -mobilized hHSC 
harvests was measured by flow cytometry using monoclonal 
antibody SH2 . SH2*-hMSCs were localized in the higher 
lymphocyte and in the lower part of the monocyte cell 
cluster in a forward and side-scatter dot plot. To avoid 
the scanty overlapping between SH2* and CD14 + cells and the 
non-specific binding of the secondary antibody (IgGi) to 
monocytes, a gate was set around the above zone, to exclude 
CD14* cells and to enumerate SH-2 + /CD14" cells. 

SH2 + hMSCs were detected in 11/14 hHSC harvests. The 
median percentage of SH2* cells in apheresis products was 
0.63% (range 0.02-2.32). No correlation was found between 
percentage of SH2* cells or total amount of SH2 + cells per 
harvest and type of growth factor (GM-CSF or G-CSF) used to 
mobilize the hHSC harvests. 
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To establish whether the efficiency of hHSC 
mobilization {measured as amount of CD34* cells collected) , 
correlates with amount of SH2* cells per apheresis, the 
type of relationship between both variables was analyzed. 
As seen in Figure 4, considering the whole group of 14 
patients studied, we found a very strong correlation (r= 
0.92, P< 0.001) between the absolute number of CD34* cells 
and that of SH2* cells, in each apheresis product. These 
results suggest that the SH2* number could be predicted 
from the CD34* cell number with a high level of confidence. 

Mononuclear cells prepared from the blood of three 
normal donors were negative for SH2* cells, while 
mononuclear cells prepared from a blood sample taken to a 
non-breast cancer patient after 5 days of stimulation with 
G-CSF, contained 0.11% of SH2* hMSCs. 

DISCUSSION 

While in growth factor-mobilized apheresis products 
the presence of hematopoietic progenitor, as well as that 
of accessory immune and tumor cells has been well 
documented. 5 ' 6,16 ' 19 '" No previous information exists, to our 
knowledge, on the presence of hMSCs in hHSC harvests. 

Here we have used a dual approach, which includes the 
ex vivo generation of hMSCs and their phenotypic 
characterization, to investigate for the presence of hMSCs 
in growth factor-mobilized hHSC harvests from breast cancer 
patients . 

Low-density mononuclear cells from hHSC harvests, when 
cultured in the presence of FCS give rise to a population 
of strongly adherent cells comprising both isolated and 
colony- forming fibroblast -like cells, which in the latter 
case grow together with large- flat round cells. Typical 
marrow- stroma differentiation markers, such as posit ivity 
for Sudan Black and alkaline phosphatase 23 , are either 
weakly expressed or absent in PBPC harvest -derived adherent 
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cells. Early or late myeloid progenitor antigens, like 
CD34, CD45, CD14 , are not expressed by these cells. On the 
other hand, hHSC harvest -derived hMSCs are recognized by 
antibodies SH2 and SH3 that react with antigens on the 
surface of marrow- derived human mesenchymal stem cells, but 
fail to react with marrow- derived hemopoietic cells. 13 In 
addition, our studies demonstrate that the phenotypic 
characteristics of hHSC harvest -derived hMSCs are similar 
to those of bone marrow derived-hMSCs . 

The present invention may be embodied in other 
specific forms without departing from the spirit or 
essential character thereof. The embodiments described 
herein are only illustrative and are not to be considered 
restrictive. All modifications which come within the 
meaning and range of the lawful equivalents of the claims 
are to be embraced within their scope . 
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What Is Claimed Is: 

1 . A process for obtaining human mesenchymal stem 
cells, comprising: 

administering to an individual a growth factor 
that increases the amount of mesenchymal stem cells in 
peripheral blood; and 

recovering from said individual mesenchymal stem cell 
enriched peripheral blood. 

2. The process of claim 1, wherein the growth factor 
is selected from the group consisting of interleukin-1 , 
interleukin-6, interleukin-3 , G-CSF, GM-CSF, LIF, and SCF. 

3. The process of claim 1, further comprising 
isolating the mesenchymal stem cells from the mesenchymal 
stem cell enriched peripheral blood. 

4. The process of claim 1, wherein the mesenchymal 
stem cells are CD14- and CD34-. 

5. The process of claim 1, wherein the human 
mesenchymal stem cells are characterized by binding to at 
least one of SH2 , SH3 or SH4 antibody. 

6 . A process for obtaining human mesenchymal stem 
cells, comprising recovering human mesenchymal stem cells 
from peripheral blood obtained from an individual. 

7. The process of claim 6, further comprising 
administering a growth factor to mobilize human mesenchymal 
stem cells into the peripheral blood. 

8. The process of claim 7, wherein the growth factor 
is selected from the group consisting of interleukin-1, 
interleukin-6, interleukin-3, G-CSF, GM-CSF, LIF, and SCF. 
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9. The process of claim 7, wherein the human 

mesenchymal stem cells are characterized by binding to at 
least one of SH2 , SH3 or SH4 antibody. 

10. Use of human mesenchymal stem cells derived from 
peripheral blood for preparation of a composition for 
treating an individual. 

11. A process for treating an individual in need of 
human mesenchymal stem cells, comprising treating an 
individual with human mesenchymal stem cells recovered from 
human peripheral blood. 
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